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In RAN1#105-e, the following conclusions and agreements were reached [1].
Agreement:
Same beam layout in BWP#0 and BWP#x (Option 1) and hierarchical beam for BWP#0 (Option 2) should be supported by the specifications for NR-NTN.
· FFS: Whether any specification changes are needed specifically to support this functionality
Agreement:
For explicit indication of polarization information for DL by the network, support indication in SIB
· FFS: Signaling details for indication in SIB
Agreement:
· Polarization information for UL may be indicated in SIB by the network
· UE assumes a same polarization for UL and DL, when the UL polarization information is absent.
· FFS: Signaling details for indication in SIB
In this contribution, we discuss the identified issues with respect to beam management and polarization signalling in detail.

Discussion
Beam management issues
Beam layout and BWP 
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(a) Option-1: same beam layout BWP#0 and BWP#x          (b) Option-2: umbrella beam layout BWP#0 and BWP#x 

Figure 1. Beam layout for BWP#0 and BWP#x
In RAN1#105-e, two options for beam layout with respect to different relationship between BWP#0 and BWP#x were agreed to be supported by the NR-NTN specifications. As depicted in Figure 1, a satellite cell contains several spot beams and each beam is associated with a dedicated BWP. For option-1, the initial BWP#0 is transmitted in a narrow beam which has the same beam footprint as the BWP#x beams. The SSBs are transmitted in a TDM manner, i.e. the beam for BWP#0 sweeps across footprints of all spot beams. For option-2, beam layout is hierarchical where the SSBs in initial BWP#0 are transmitted in an umbrella beam which covers the union of all spot beams. Option-1 allows SSBs (and other common channels) to be simultaneously transmitted with the same beam configuration parameters as data transmission on dedicated BWPs, e.g., antenna gain and frequency offset compensation. Therefore option-1 has a better coverage of SSBs compared to option-2.
Observation 1: BWP#0 with narrow beam width (option-1) has a better coverage of SSBs.
BWP/beam switching mechanism
In NR Rel-15, beam switching is based on the TCI-state (DL) update or spatial relation (UL) update which can be configured, activated and indicated by RRC, MAC CE or DCI. BWP switching is independently conducted by either RRC, DCI, or a timer based switching through bwp_InactivityTimer. Either way, beam switching and BWP switching are independent procedures. 
Observation 2: Beam switching and BWP switching are independent procedures in NR specification.
In NR, one way for BWP switching is via DCI indication through the BWP indicator field in DCI format 0_1/1_1. Specifically, the BWP indicator field contains 2-bit information, which corresponding to the 4 BWP IDs (e.g., ‘00’ for BWP#0, ‘01’ for BWP#1, ‘10’ for BWP#2, ‘11’ for BWP#3) configured by RRC. However, the number of satellite beams in one satellite cell is usually larger than 4 in NR NTN. In this case, when FRF>1 is adopted, BWP switching according to the current specification will cause ambiguity in the beam switching. For example, in Figure 2, when the UE in beam#3 (BWP#3) receives the DCI indication to switch to BWP#2, it cannot distinguish which beam (among beam#2, beam#4 and beam#5). This issue can be solved by setting up association between CSI-RS resource index and BWP for beam/BWP switching. On one hand, CSI-RS can be used for beam measurement for beam/BWP switching in the connected mode. On the other hand, each BWP/beam can be associated with one or more CSI-RS resource, e.g. UEs in different beam or BWP will be configured with different CSI-RS resources and BWP can be identified by a corresponding CSI-RS resources index. In NR beam management, TCI-state is configured by RRC signalling (e.g., 64 TCI-state for PDCCH), and it contains the QCL-Info between the reference signals (e.g. CSI-RS/PDSCH DMRS). And, to perform beam switching, the configured TCI-state is activated by MAC CE and dynamically selected via a 3-bit DCI indication. Given that the BWP indication field and the TCI state indication field are independent DCI fields, the current specification allows beam and BWP switching at the same time. 
Observation 3: Current NR specification supports beam switching and BWP switching at the same time. 
UE-common BWP/beam switching
In this section we propose the TCI-list aided network dominant beam switching in order to reduce the signalling overhead. 
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Figure 2. UE-specific TCI-list indication for NTN beam switching.
For NTN, beam switching is mainly caused by the movement of satellite, however, the best target beam with the longest serving time will not be known by UE if the information of beam layout information and beam size is not conveyed to the UE. To solve this issue, UE-specific beam switching messages can be signalled by the network. Specifically, due to the high speed of satellite movement, the UE in a satellite cell can be considered to have a predictable route traversing through several satellite beams (e.g., For UE 0 in Figure 2, the route order is beam 2, beam 3 and beam 5.). For NTN beam management, gNB can indicate a UE-specific TCI-list to the UE, based on the beam topology, satellite movement and UE location information. The TCI-list contains mapping information (TCI-state) of UE potential beam switching. When UE approaches the beam edge, it will be informed by gNB to perform beam switching through RRC/MAC CE or DCI activation. In addition, the TCI-list need to be updated when UE deviates from its previously predicted route. One benefit of this scheme is that measurement at the UE side can be reduced.
Proposal 1: Support signalling a list of TCI-states based on the predictable serving beams for the UE and the beam switching is triggered by the gNB.
UE-specific BWP/beam switching
For UE dominant beam switching, if UE report beam switching merely based on the measured RSRP, this may lead to some undesirable results. For example, as in Figure 3, UE 0 is near the beam edge of beam 3 thus requires beam switching. As the satellite moves, UE 0 approaches the edge of beam 1 first, then to beam 2. Therefore, the UE 0 switches to beam 1 based on CSI-RS measurement, however, it will quickly switch to beam2 due to the movement of satellite, which will increase the complexity of UE for beam measurement if gNB has no information of UE location information. 
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Figure 3. Beam switching based on measured SSB.
To avoid such result, beam information could be broadcast in the system information for UE dominant beam/BWP switching. Once the beam information (e.g. the beam width of BWPs/beam, centre elevation and azimuth as in Figure 4.) are broadcast in the system information, the UE can determine the topology of its surrounding beams (e.g., the footprint of the surrounding beams). Based on GNSS acquired position, the UE will have the full information regarding when to perform beam switching and which beam to switch to. Therefore, UE can trigger beam/BWP switching once it approaches the beam edge.
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Figure 4. Cell-specific beam information based UE dominant beam/BWP switching.
Proposal 2: Consider the possibility of broadcasting satellite beam information in system information for UE dominant beam/BWP switching to reduce beam measurement.
BWP_InactivityTimer
In current NR specification, BWP switching can be triggered by RRC, DCI, or timer based scheme. For the timer based switching mechanism, bwp_InactivityTimer is configured for UEs to fall back to the default DL BWP (indicated by defaultDownlinkBWP-Id). Nevertheless, due to the coupled relationship between beam switching and BWP switching, the function of bwp_InactivityTimer in NR NTN may need to be reconsidered. 
Proposal 3: The function of bwp_InactivityTimer should be reconsidered in NR NTN. 
Beam measurement and reporting 
gNB dominated and UE dominated BWP/beam switching are two typical BWP/beam switching scenarios in NR NTN. In the case of gNB-dominated BWP/beam switching, beam measurement and reporting can be considered as the assistance information to satellite ephemeris and UE locations. In the case of UE-dominated BWP/beam switching, the beam measurement and reporting procedures need some further discussion.   
If beam measurement is performed based on multiple RS associated with different beams across BWPs, this will bring in extra complexity and time overhead. Due to the movement of the satellite, the network will require UE to frequently perform the measurement and to frequently adapt the RF components to work on different BWPs. The accumulated transition time and complexity could not be neglect. Thus, it will be beneficial to minimize the measurement overhead.
If beam measurement is performed based on multiple RS associated with different beams within the same active BWP, the multiple RS associated with different beams are within the same BWP, which does not require frequency retuning and frequency compensation time and complexity. 
Observation 4: Beam measurement on multiples RS associated with different beams within across BWPs will bring in frequency retuning and frequency compensation time and complexity.
Signalling of Polarization
In RAN1#105-e, it was agreed that the network can indicate the polarization information for DL via SIB, and optionally indicate the polarization information for UL. UE polarization capability reporting has also been proposed for several meetings. Herein, we discuss the necessity of the UE polarization capability report and the UL polarization indication method in detail.
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Figure 5. Different UE RX/Tx configurations in one beam
NTN UEs may have different RX/TX configurations or capabilities, i.e. linear polarization, LHCP, RHCP,  or both LHCP and RHCP (See Figure 5). The satellite may also have different capabilities, i.e. LHCP, RHCP or LHCP & RHCP. 
Necessity of UE polarization capability reporting
When there are multiple beams in one satellite cell, polarization reuse can be deployed together with FRF > 1 to mitigate the inter-cell/beam interference. In this case, the polarization configuration is considered as cell planning hence will not change dynamically. Therefore, there is no need for UE to report its polarization capability to the gNB since there is not much for the satellite to do with such information. However, polarization reuse is deployed to enhance the throughput, the gNB would require the UE polarization capability information to perform proper scheduling. For UEs supporting both RHLP and LHLP at the same time, the gNB can schedule them via polarization multiplexing. For UEs supporting only one mode of RHCP, LHCP, and linear polarization, the gNB can schedule them via either RHCP or LHCP to further reduce the inter-cell/beam interference.  
Proposal 4: If polarization is used for multiplexing, the UE should report its polarization capability. Otherwise, there is no need to report such information. 
Indication for polarization information 
In RAN1#105-e, UE assumes the same polarization for UL and DL, when the UL polarization information is absent. For UEs only equipped with linear polarization TX, it cannot support the indicated circular polarization anyway, there is no need to indicate the UL polarization mode. For UEs equipped with both LHCP and RHCP TX, indicate a separated UL polarization information could support Satellite RX working in an opposite polarization mode or UL multiplexing for throughput enhancement.
If the polarization mode is set for the whole cell, it is natural to consider using SIB to indicate it. However, in one cell, we have different UE types which own different UE capabilities and have different QoS requirements, e.g. some UE requires multiplexing in either DL or UL for throughput enhancement. Thus, beam-level or UE-level polarization indication should be supported. 
[bookmark: _GoBack]Proposal 5: Beam-level or UE-level polarization indication should be supported.

Conclusions
In summary, we discuss some key considerations on beam management and polarization indication. The following proposals are made: 
Observation 1: BWP#0 with narrow beam width (option-1) has a better coverage of SSBs.
Observation 2: Beam switching and BWP switching are independent procedures in NR specification.
Observation 3: Current NR specification supports beam switching and BWP switching at the same time.
Observation 4: Beam measurement on multiples RS associated with different beams within across BWPs will bring in frequency retuning and frequency compensation time and complexity.

Proposal 1: Support signalling a list of TCI-states based on the predictable serving beams for the UE and the beam switching is triggered by the gNB.
Proposal 2: Consider the possibility of broadcasting satellite beam information in system information for UE dominant beam/BWP switching to reduce beam measurement.
Proposal 3: The function of bwp_InactivityTimer should be reconsidered in NR NTN. 
Proposal 4: If polarization is used for multiplexing, the UE should report its polarization capability. Otherwise, there is no need to report such information. 
Proposal 5: Beam-level or UE-level polarization indication should be supported.
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